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5 (54) [TITLE OF THE INVENTION] GALLIUM NITRIDE COMPOUND 
SEMICONDUCTOR LIGHT EMITTING DEVICE 

(57) [CLAIMS] 

[CLAIM 1] 

10 A gallium nitride compound semiconductor light emitting 

device, wherein 

gallium nitride compound semiconductor layers, which are 
to be a light emitting device, are grown on an of f - angled substrate 
of a sapphire substrate c-plane (0001), and 
15 a surface of an uppermost gallium nitride compound 

semiconductor layer is caused to be a nonspecular surface. 
[CLAIM 2] 

The gallium nitride compound semiconductor light emitting 
device of claim 1, wherein 
20 an angle of the off -angled substrate is between 0.2° and 

15° inclusive, relative to a sapphire c-plane. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

25 [INDUSTRIAL APPLICABILITY] 

The present invention relates to a gallium nitride 
compound semiconductor light emitting device composed of gallium 

1 



nitride compound semiconductors, expressed by the general formula 

In x Al Y Ga 1 - x . Y N(O^X<l, 0^Y<1), that are laminated on a sapphire 

substrate, and a manufacturing method for the same. 
[0002] 

5 [DESCRIPTION OF THE RELATED ART] 

Gallium nitride compound semiconductors such as GaN, GaAlN, 
InGaN and InAlGaN have direct transition band structures, have 
band gaps which vary from 1.95 eV to 6 eV, and emit light ranging 
from ultraviolet to red, which makes them prospective materials 

10 for light emitting devices such as light emitting diodes, laser 
diodes and the like. Light emitting devices composed of these 
gallium nitride compound semiconductors are generally obtained 
by using a vapor -phase growth method such as MOCVD or MBE to grow 
n-type and p-type, or n-type and i-type layers on a sapphire 

15 substrate, fixing electrodes taken from the layers to a lead frame 
as a chip, and lastly performing sealing using an epoxy resin 
or the like. 
[0003] 

However, given that these gallium nitride compound 
20 semiconductor light emitting devices have a so-called 
heteroepitaxial structure in which the gallium nitride compound 
semiconductors are laminated on a sapphire substrate that is of 
an entirely dissimilar material , they are disadvantageous in terms 
of poor external quantum efficiency compared with other light 
25 emitting devices in which gallium nitride compound semiconductors 
are laminated on the same materials such as GaAs, GaP, etc. , due 
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to the difference in refractive index between the substrate and 
the epitaxial film. Specifically, as a result of the differences 
in refractive index between the sapphire substrate and the gallium 
nitride compound semiconductors, and between the gallium nitride 
5 compound semiconductor device and the sealing resin, light emitted 
by the gallium nitride compound semiconductors multi -reflects 
off their interfaces, causing interference, and the reflected 
light is absorbed within the gallium nitride compound 
semiconductors . Thus, emitted light cannot be efficiently output 
10 externally. 
[0004] 

[THE PROBLEMS THE INVENTION IS GOING TO SOLVE] 

It is possible to improve the light emission efficiency 
by improving the external quantum efficiency, if interference 

15 can be reduced by suppressing the multi-reflection of light between 
the gallium nitride compound semiconductors and the substrate, 
and between the gallium nitride compound semiconductor device 
and the sealing resin. Consequently, the present invention is 
accomplished in view of the above issue, and aims to improve the 

20 external quantum efficiency of the gallium nitride compound 
semiconductor light emitting device by suppressing interference 
that occurs as a result of the multi-reflection of light within 
the gallium nitride compound semiconductors. 
[0005] 

25 [MEANS TO SOLVE THE PROBLEMS] 

After performing numerous experiments in order to suppress 
multi-reflection within gallium nitride compound semiconductors 



and increase external quantum efficiency, we have newly discovered 
that it is possible to solve the above issues by causing internally 
reflecting light to reflect diffusely off an interface of an 
uppermost gallium nitride compound semiconductor layer . In other 
5 words, in the gallium nitride compound semiconductor light 
emitting device of the present invention , gallium nitride compound 
semiconductor layers, which are to be a light emitting device, 
are grown on an of f - angled substrate of a sapphire substrate c- plane 
(0001), and a surface of an uppermost gallium nitride compound 
10 semiconductor layer is caused to be a nonspecular surface. It 
is desirable to have an angle of the of f - angled substrate be between 
0.2° and 15° inclusive, relative to a sapphire c-plane. 
[0006] 

Fig.l is a schematic cross-section view of a gallium 
15 nitride compound semiconductor light emitting device pertaining 
to embodiment 1 of the present invention. This light emitting 
device is composed of an n-type GaN layer 2 and a p-type or 
high-resistance i-type GaN layer 3 (hereinafter, a p-type GaN 
layer) that are laminated in order on a sapphire substrate 1, 
20 where a portion of the p-type GaN layer is etched to expose the 
n-type GaN layer, and electrodes are formed in the n-type GaN 
layer and the p-type GaN layer. Furthermore, a surface of the 
top -layer p-type GaN layer that forms an electrode is made a 
nonspecular surface. In the gallium nitride compound 
25 semiconductor light emitting device with this structure, a light 
emission view plane is the sapphire substrate 1 side. 
[0007] 
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Also , Fig . 2 is a schematic cross - section view of a gallium 
nitride compound semiconductor device pertaining to other 
embodiments of the present invention . This light emitting device 
is structurally similar to Fig. 1 in that the same top- layer p-type 
5 GaN layer 3 that forms an electrode is given a nonspecular surface, 
although the light emission view plane is the p-type GaN layer 
3 side. 
[0008] 

In order to give the top gallium nitride compound 

10 semiconductor layer a nonspecular surface (i.e., a condition in 
which minute bumps and ridges are formed) as shown in these figures, 
there is a first method of giving the top layer a nonspecular 
surface during growth, and a second method of giving the top layer 
a nonspecular surface using a chemical or physical method after 

15 growth. The first method is a method in which the gallium nitride 
compound semiconductor is laminated onto an of f -angled substrate 
of a sapphire substrate c-plane (0001) . Gallium nitride compound 
semiconductors are often grown in layers on a normal sapphire 
substrate c-plane. Growth on the c-plane results in a gallium 

20 nitride compound semiconductor whose top layer has a specular 
surface. However, the method of the present invention allows 
giving the top gallium nitride compound semiconductor layer a 
nonspecular surface by step-growing n-type, p-type or i-type 
gallium nitride compound semiconductor layers onto an of f -angled 

25 substrate of the c-plane, that is to say, onto a sapphire substrate 
that is shifted a few degrees from the c-plane. It is preferable 
to make the angle (shifted angle) of the off -angled substrate 



between 0.2° and 15° inclusive, relative to the sapphire c-plane. 
An angle smaller than 0 . 2° makes it difficult to give a nonspecular 
surface, while the crystalline properties of gallium nitride 
compound semiconductors deteriorate if the angle is larger than 
5 15° , and the output of the light emitting device tends to decline. 
[0009] 

On the other hand, the second method involves providing 
minute bumps and ridges to give a nonspecular surface by etching 
or polishing a specular surface of the top gallium nitride compound 

10 semiconductor layer. Wet etching, which uses a mixed acid 
including phosphoric acid and sulfuric acid, and dry etching, 
which uses an RIE (Reactive Ion Etching) device or the like, are 
two examples of etching methods, either of which may be used. 
With polishing, even an extremely hard gallium nitride compound 

15 semiconductor with a Mohs hardness of substantially 9 can be 
polished by selecting an appropriate abrasive, thereby enabling 
the surface to be made nonspecular. Of the above first and second 
methods , it preferable to use the f irst method to give a nonspecular 
surface. The reason for this is that the second method involves 

20 forcibly making marks on the crystal either physically or 
chemically, whereas the crystal is not damaged in the first method 
since the top layer is given a nonspecular surface naturally during 
growth. Consequently, when the gallium nitride compound 
semiconductor is made a light emitting device, emission intensity 

25 is at risk of deteriorating with the second method, although there 

is no such concern with the first method. Also, the first method 

can omit the extra steps in the second method since the gallium 
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nitride compound semiconductors are grown on the off -angled 
substrate from the beginning, making the first method superior 
in terms of productivity. 
[0010] 
5 [EFFECTS] 

Figs . 3 and 4 are schematic cross -section views comparing 
optical paths of a conventional gallium nitride compound 
semiconductor light emitting device and the gallium nitride 
compound semiconductor light emitting device of the present 

10 invention in light emitting states. Characters in these figures 
represent the same materials as the characters in Figs.l and 2. 
Note that the p-type GaN layer 3 is a light emitting layer in 
the light emitting devices with this structure . Here, in the case 
where the refractive index of sapphire is approximately 1.6., and 

15 the refractive index of the gallium nitride compound semiconductor 
is approximately 2, due to the fact that the materials of the 
sapphire substrate 1 and the gallium nitride compound 
semiconductors 2 and 3 in the conventional light emitting device 
as shown in Fig . 3 each have different refractive indexes , a portion 

20 of light emitted from the p-type GaN layer 3 is reflected by an 
interface of the p-type GaN layer 4 and an exterior (an epoxy 
resin is often used in the case of a light emitting diode), 
multi-reflection occurs due to the reflected light being reflected 
by an interface of the sapphire substrate 1 and the n-type GaN 

25 layer 2, and the light is absorbed within the gallium nitride 
compound semiconductor layers 2 and 3 , causing attenuation . Since 
the n-type GaN layer 2 and the p-type GaN layer 3 are composed 



of the same material and can be considered to have nearly the 
same refractive index, multi-reflection off semiconductor layer 
interfaces can be considered to be 0 . On the other hand, in the 
case where the top- layer p-type GaN layer 3 is given a nonspecular 
5 surface as in the present invention of Fig. 4, multi-reflection 
within the gallium nitride compound semiconductors is suppressed, 
and the interference of light can be reduced since light reflected 
by the interface between the sapphire substrate 1 and the n-type 
GaN layer 2 is scattered by the nonspecular-surf aced p-type GaN 
10 layer. 
[0011] 

[EMBODIMENTS OF THE INVENTION] 
( Embodiment 1 ) 

A sapphire of f -angled substrate shifted 1° from a c-plane 
15 is provided, and a GaN buffer layer, an Si-doped n-type GaN layer 
and an Mg- doped p-type GaN layer are grown in order thereupon 
using an MOCVD method. As a result, countless numbers of minute 
bumps and ridges are formed on a surface of the p-type GaN layer 
that was grown. Next, a predetermined pattern is formed on this 
20 p-type GaN layer using a photolithography technique, a portion 
of the p-type GaN layer is etched, and after exposing the n-type 
GaN layer only where electrodes are to be formed, ohmic electrodes 
are attached to the p-type GaN layer and the n-type GaN layer. 
When a current is applied to both electrodes and an emission spectrum 
25 is measured, this gallium nitride compound semiconductor has a 
spectrum as shown in Fig. 5(a), with a peak at 400 nm. 
[0012] 
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On the other hand, a conventional gallium nitride compound 
semiconductor light emitting device similarly grown on a sapphire 
substrate c-plane was created in the same way for comparison. 
Upon measuring the spectrum, the conventional gallium nitride 
5 compound semiconductor light emitting device has a spectrum as 
shown by the dotted line in Fig. 5(b), with the same peak at 400 
nm. 

[0013] 

When Figs. 5(a) and (b) are compared, Fig. 5(b) shows not 
10 only the 400 nm peak, but also weak peaks near 410 nm, 430 nm 
and 460 nm due to multi-reflection . On the other hand, these peaks 
cannot be seen in Fig. 5 (a), which is the spectrum of the light 
emitting device of the present invention. The spectrum is a broad 
curve, and it is apparent that multi -reflection is being mitigated. 
15 Furthermore, emission intensity is improved 10% in Fig. 5(a). 
[0014] 

( Embodiment 2 ) 

Other than using a sapphire of f -angled substrate shifted 
10° from the c-plane, embodiment 2 is similar to embodiment 1. 
20 Upon being made a light emitting device, the same spectrum and 
substantially the same emission intensity was observed. 
[0014] 

( Embodiment 3 ) 

A GaN buffer layer, an Si-doped n-type GaN layer and an 
25 Mg- doped p-type GaN layer are laminated similarly to embodiment 
1, except for being grown on a sapphire substrate c-plane. 
Furthermore, a wafer on which the gallium nitride compound 



semiconductors were layered is immersed in a mixed acid including 
phosphoric acid and sulfuric acid, and electrodes are provided 
similarly to embodiment 1, except for making the p-type GaN layer 
surface nonspecular. Upon measuring the emission spectrum, the 
5 same broad curve as in embodiment 1 is obtained, and the intensity 
is reduced approximately 10% compared with embodiment 1. 
[0016] 

( Embodiment 4 ) 

Other than- growing a GaN buffer layer, an n-type GaN layer 
10 and a p-type GaN layer on a sapphire c-plane similarly to embodiment 
2, and etching the p-type GaN layer of the wafer using RIE to 
make the surface nonspecular , embodiment 4 is similar to embodiment 
1. Upon measuring the emission spectrum of the light emitting 
device, the same broad curve as in embodiment 1 is obtained, and 
15 the intensity is reduced approximately 5% compared with embodiment 
1. 

[0017] 

[EFFECTS OF THE INVENTION] 

As described above, the gallium nitride compound 

20 semiconductor device of the present invention can suppress the 
interference of light resulting from multi-reflection within the 
gallium nitride compound semiconductor layers by making the 
surface of the top gallium nitride compound semiconductor layer 
a nonspecular surface. Consequently, it is possible to 

25 effectively output emitted light of the gallium nitride compound 
semiconductors, and improve the external quantum efficiency of 
the light emitting device. Also, given that peaks other than the 



desired light emission peak do not appear as a result of interference , 
it is possible to improve color purity when using the gallium 
nitride compound semiconductor to form a blue-light diode. 



5 [BRIEF DESCRIPTION OF THE DRAWINGS] 

Fig.l is a schematic cross -section view of a gallium 
nitride compound semiconductor light emitting device pertaining 
to embodiment 1 of the present invention . 

Fig. 2 is a schematic cross -section view of a gallium 
10 nitride compound semiconductor device pertaining . to other 
embodiments of the present invention . 

Fig. 3 is a schematic cross -section view showing optical 
paths of a conventional gallium nitride compound semiconductor 
light emitting device. 
15 Fig. 4 is a schematic cross -section view showing optical 

paths of the gallium nitride compound semiconductor light emitting 
device pertaining to embodiment 1 of the present invention. 

Fig. 5 shows a comparison of emission spectrums of the 
gallium nitride compound semiconductor light emitting device 
20 pertaining to embodiment 1 of the present invention and the 
conventional gallium nitride compound semiconductor light 
emitting device . 



[DESCRIPTION OF CHARACTERS] 

25 1 sapphire substrate 2 n-type GaN layer 

3 p-type GaN layer 
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